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1. PURPOSE

The purpose of the inventory abstraction as directed by the development plan (CRWMS M&O
1999Db) isto:

Interpret the results of a series of relative dose calculations (CRWMS M& O 1999¢c, 1999d).

Recommend, including a basis thereof, a set of radionuclides that should be modeled in the
Total System Performance Assessment in Support of the Site Recommendation (TSPA-SR)
and the Total System Performance Assessment in Support of the Final Environmental Impact
Statement (TSPA-FEIS).

Provide initial radionuclide inventories for the TSPA-SR and TSPA-FEIS models.

Answer the U.S. Nuclear Regulatory Commission (NRC)’s Issue Resolution Status Report
Key Technical Issue: Container Life and Source Term (CLST IRSR) (NRC 1999) key
technical issue (KTI): “The rate at which radionuclides in SNF [Spent Nuclear Fuel] are
released from the EBS [Engineered Barrier System] through the oxidation and dissolution of
spent fuel” (Subissue 3).

The scope of the radionuclide screening analysis encompasses the period from 100 years to
10,000 years after the potential repository at Yucca Mountain is sealed for scenarios involving
the breach of a waste package and subsequent degradation of the waste form as required for the
TSPA-SR calculations. By extending the time period considered to one million years after
repository closure, recommendations are made for the TSPA-FEIS. The waste formsincluded in
the inventory abstraction are Commercial Spent Nuclear Fuel (CSNF), DOE Spent Nuclear Fuel
(DSNF), High-Level Waste (HLW), naval Spent Nuclear Fuel (SNF), and U.S. Department of
Energy (DOE) plutonium waste.

The intended use of this analysis is in TSPA-SR and TSPA-FEIS. Based on the
recommendations made here, models for release, transport, and possibly exposure will be
developed for the isotopes that would be the highest contributors to the dose given a release to
the accessible environment. The inventory abstraction is important in assessing system
performance because radionuclide screening determines the scope for several TSPA models, and
the abstraction provides input to the TSPA.

2. QUALITY ASSURANCE

The Quality Assurance (QA) program applies to the development of this analysis documentation.
The Performance Assessment Operations responsible manager has evaluated the technical
document development activity in accordance with QAP-2-0, Conduct of Activities. The
QAP-2-0 activity evaluation, Conduct of Performance Assessment (CRWMS M&O 1999a), has
determined that the preparation and review of this technical document is subject to Quality
Assurance Requirements and Description (QARD) DOE/RW-0333P (DOE 2000) requirements.
Preparation of this analysis did not require classification of items in accordance with QAP-2-3,
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Classification of Permanent Items as this activity is not afield activity. Therefore, an evaluation
in accordance with NLP-2-0, Determination of Importance Evaluations was not required.

The methods used to control the electronic management of data as required by AP-SV.1Q,
Control of the Electronic Management of Information, were not specified in the Development
Plan, Inventory Abstraction (CRWMS M&O 1999b). With regard to the development of this
AMR, the control of electronic management of data was evaluated in accordance with YAP-
SV.1Q, Control of the Electronic Management of Data. The evauation (CRWMS M& O 2000c)
determined that current work processes and procedures are adequate for the control of electronic
management of data for this activity. Though YAP-SV.1Q has been replaced by AP-SV.1Q, this
evaluation remains in effect.

3. COMPUTER SOFTWARE AND MODEL USAGE
3.1 SOFTWARE APPROVED FOR QUALITY ASSURANCE (QA) WORK

None used.

32 COMMERCIALLY AVAILABLE SOFTWARE USED

Microsoft's Excel 97 SR-2, a commercialy available standard spreadsheet software package,
was used for manipulation of inputsin Attachment |. Excel is an appropriate application because
the calculations require only simple mathematical expressions and operations that are standard in
Excel to derive the final results.

3.3 MODELS
None used.

4. INPUTS
41 DATA AND PARAMETERS

All of the input for this analysis comes from two sources:

Input Transmittal for Satus of the Radionuclide Screening for the Total Systems |
Performance Assessment - Ste Recommendation (TSPA-SR), R& E-PA-99217.Tb (CRWMS
M& O 1999c) (DTN: SN9910T0810599.001; Unqualified)

Input Transmittal for Satus of the Radionuclide Screening for the Total Systems
Performance Assessment - Ste Recommendation (TSPA-SR), R& E-PA-99217.Td (CRWMS
M&O 1999d) to be used for TSPA-FEIS calculations (DTN: SN9912T0810599.003;
Unqualified).

Sections 4.1.1 and 4.1.2, respectively, provide a summary of the information in these two
transmittals.
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4.1.1 Relative Contribution of Individual Radionuclides to Inhalation and Ingestion Dose
—10,000 Years

In the Input Transmittal for Satus of the Radionuclide Screening for the Total Systems
Performance Assessment - Ste Recommendation (TSPA-SR), R&E-PA-99217.Tb (CRWMS
M& O 1999c), the relative importance of individual radionuclides when estimating inhalation and
ingestion doses was determined. “Relative importance” as it is used here means the importance
of one radionuclide in a dose calculation when compared to another radionuclide. The higher
dose contributors have higher relative importance.

The analytical method used to determine the relative importance to the dose involved five steps.
First, for the waste form under consideration, the relative dose contribution from an individual
radionuclide was calculated by multiplying its inventory abundance (curies in the waste form) by
the radionuclide’ s dose conversion factor. This gives a number that is not significant by itself,
but when compared to values derived in the same manner for other radionuclides in the waste
form, the radionuclide that is the higher contributor to the dose can be determined. Second, the
individual radionuclides were ranked with the highest contributor to the dose given the highest
ranking. Third, each relative dose value calculated in the first step was converted to a percent
contribution to the dose by summing all of the values calculated in the first step, calling this the
total, and dividing each individual value by the total and multiplying by 100. At this point one
knows the percent contribution to the total dose for each radionuclide. Fourth, a cumulative sum
of the percent dose contributions was calculated for each radionuclide in its ranked order. After
step four, when a radionuclide is added to the calculation, the percentage of the dose that is
captured in the calculation is known. Finally, the fifth step is to choose radionuclides for the
calculation (starting with the highest ranked radionuclide) to assure a reasonable estimate of the
dose. For this screening analysis, the goal was to identify the radionuclides that contribute to
95% of the dose.

4.1.1.1 Screening Based on Inventory Abundance

The analytical method described above identifies which radionuclides should be modeled if all of
the radionuclides in awaste form are released to the environment in proportion to their inventory
abundance. Thus, Input Transmittal for Status of the Radionuclide Screening for the Total
Systems Performance Assessment - Ste Recommendation (TSPA-SR), R&E-PA-99217.Tb
(CRWMS M&O 1999c) examines eight waste forms. an average Pressurized Water Reactor
(PWR) SNF assembly, a bounding PWR SNF assembly, an average Boiling Water Reactor
(BWR) SNF assembly, a bounding BWR SNF assembly, an average DSNF canister, a bounding
DSNF canister, an average HLW canister, and a bounding HLW canister.

Sometimes radionuclides are not released in proportion to their inventory abundance. Factors
that can affect releases of radionuclides, depending on the scenario being considered, include
radionuclide longevity, element solubility, and element transport affinity. Consequently,
screening on inventory alone is not bounding. The screening approach used here involves
grouping the radionuclides into subsets that have similar characteristics (radionuclide longevity,
element solubility, and/or element transport affinity). Radionuclides that may be important given
a variety of operative transport mechanisms are identified by grouping the radionuclides into
subsets and screening each subset by itself.
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4.1.1.2 Screening Based on Radionuclide L ongevity

If a radionuclide has a short half-life, it will have a higher activity in the waste form at early
times (close to repository closure), but at later times, the radionuclide will have al but
disappeared from the waste form. Therefore, it is important to examine the waste forms at a
number of times, especialy if the phenomenon that ultimately leads to a release occurs at later
times. Input Transmittal for Status of the Radionuclide Screening for the Total Systems
Performance Assessment - Ste Recommendation (TSPA-SR), R&E-PA-99217.Tb (CRWMS
M& O 1999c) examines waste forms at 100; 200; 300; 400; 500; 1,000; 2,000; 5,000; and 10,000
years.

4.1.1.3 Screening Based on Element Solubility

If a radionuclide is not soluble in the near-field environment around the waste package, it may
not be released to the environment via groundwater transport, even if it is available in high
abundance. Therefore, it isimportant to examine aternative hypotheses about element solubility
and determine which radionuclides are the highest contributors to the dose if some of the more
abundant radionuclides are not released because of low solubility. Input Transmittal for Status
of the Radionuclide Screening for the Total Systems Performance Assessment - Ste
Recommendation (TSPA-SR), R&E-PA-99217.Tb (CRWMS M&O 1999c) examines one
solubility hypothesis: a hypothesis that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble in the
near-field environment.

4.1.1.4 Screening Based on Transport Affinity

Transport affinity is used here as a global term that describes a radionuclide’s potential for
movement from the source to the environment. The movement can be due to a number of
mechanisms. matrix diffusion, fracture flow, or colloidal transport. Transport affinity is not a
measurable property but a qualitative description of the likelihood of transport. If a group of
radionuclides transports via a particular mechanism and that mechanism dominates release, the
group of radionuclides will be preferentially released (relative to radionuclides not in the group)
to the environment.

The dominant transport mechanism for TSPA will not be known until the analyses supporting
development of TSPA-SR transport models are complete. Consequently, all of the transport
mechanisms must be considered. The Input Transmittal for Satus of the Radionuclide Screening
for the Total Systems Performance Assessment - Ste Recommendation (TSPA-SR), R& E-PA-
99217.Tb (CRWMS M&O 1999c¢) does this by dividing the radionuclides into three groups: (1)
highly sorbing, (2) moderately sorbing, and (3) slightly to non-sorbing. The hypotheses are: (1)
highly sorbing radionuclides are most likely to transport via colloid transport, (2) moderately
sorbing radionuclides are most likely to transport via fracture flow (they do not necessarily
absorb to colloids and are retained by matrix diffusion), and (3) dlightly to non-sorbing
radionuclides are most likely to transport via advection and and/or diffusion. Each one of the
groups of radionuclides was examined individually. In other words, the relative dose
contribution from one highly sorbing radionuclide was compared to the relative dose
contribution from the other highly sorbing radionuclides. Similarly, moderately sorbing
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radionuclides were compared one to another and non-sorbing radionuclides were compared one
to another. The distribution of radionuclides based on their sorption level isreflected in Tables 3

through 16.

4.1.1.5 Resultsof Relative Inhalation and Ingestion Dose Calculations; 100 — 10,000 Years

The results reported in the Input Transmittal for Satus of the Radionuclide Screening for the
Total Systems Performance Assessment - Ste Recommendation (TSPA-SR), R& E-PA-99217.Th,
DTN: SN9910T0810599.001 (CRWMS M& O 1999c) are shown in Tables 1 through 16.

Table 1. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Average Waste Forms When Radionuclides are Released in Proportion to Their Inventory Abundance;
100 to 10,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure

Sr-90 BWR, HLW Ingestion 100 — 200 years
Cs-137 HLW Ingestion 100 years
Ac-227 HLW Inhalation 10,000 years
Pu-238 ALL Inhalation, ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years
Am-241 ALL Inhalation, ingestion 100 — 2,000 years
Am-243 PWR Inhalation, Ingestion 100 — 10,000 years

Table 2. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Bounding Waste Forms When Radionuclides Are Released in Proportion to Their Inventory
Abundance; 100 to 10,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure

Sr-90 ALL Inhalation, ingestion 100 — 200 years
Cs-137 HLW, BWR, DSNF Ingestion 100 years
Ac-227 DSNF Inhalation, ingestion 1000 — 10,000 years
Pa-231 DSNF Ingestion 1,000 — 2,000 years
Th-229 DSNF Inhalation, ingestion 100 — 10,000 years
U-232 DSNF Inhalation 100 years
U-233 DSNF Inhalation, ingestion 100 — 10,000 years
U-234 DSNF Inhalation 2000 years
Pu-238 ALL Inhalation, ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years
Am-241 ALL Inhalation, ingestion 100 — 2,000 years
Am-243 PWR, BWR Inhalation, ingestion 2,000 — 10,000 years
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Table 3. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Average Waste Forms When Radionuclide Release is Mitigated by the Element Solubility
Hypothesis®; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the Following
Exposure Pathways

Applicable to the
Following Time Periods

Forms After Repository Closure
Sr-90 ALL Ingestion 100 — 200 years
Cs-137 HLW Ingestion 100 years
Pu-238 ALL Inhalation, ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 - 10,000 years

@ The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 4. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Bounding Waste Forms When Radionuclide Release is Mitigated by the Element Solubility
Hypothesis®; 100 to 10,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure
Sr-90 ALL Ingestion 100 — 200 years
Cs-137 HLW, BWR, DSNF Ingestion 100 years
U-232 DSNF Inhalation 100 — 200 years
U-233 DSNF Inhalation, ingestion 100 — 10,000 years
U-234 DSNF Inhalation, ingestion 100 — 10,000 years
Pb-210 HLW Ingestion 5,000 - 10,000 years
Pu-238 ALL Inhalation, ingestion 100 — 1,000 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years

¥ The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 5. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose

for Average Waste Forms When Only the Highly Sorbing Transport Group® is Released and Radionuclide

Release is Mitigated by the Element Solubility Hypothesis™; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Sr-90 ALL Inhalation 100 — 200 years
Cs-137 HLW Inhalation 100 years
Pu-238 ALL Inhalation, ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years

®Ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 6. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Bounding Waste Forms When Only the Highly Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis™; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Sr-90 ALL Ingestion 100 — 200 years
Cs-137 HLW, BWR, DSNF Ingestion 100 years
Pu-238 ALL Inhalation, Ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years

@ Ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
®)The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 7. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Average Waste Forms When Only the Moderately Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis®; 100 to 10,000 Years

Radionuclides Required to Applicable to the | Applicable to the Following Applicable to the
Account for 95% of the Dose Following Waste Exposure Pathways Following Time Periods
Forms After Repository Closure

U-232 DSNF Inhalation, ingestion 10,000 years
U-233 HLW, DSNF Inhalation, ingestion 100 — 5,000 years
U-234 ALL Inhalation, ingestion 100 — 10,000 years
U-236 PWR, BWR Inhalation, ingestion 100 — 10,000 years
Np-237 ALL Inhalation, ingestion 100 — 10,000 years
U-238 ALL Inhalation, ingestion 100 — 10,000 years

¥ Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sb, U, and Se are the moderately sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 8. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Bounding Waste Forms When Only the Moderately Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis®™; 100 to 10,000 Years

Radionuclides Required to Applicable to the | Applicable to the Following Applicable to the
Account for 95% of the Dose Following Waste Exposure Pathways Following Time Periods
Forms After Repository Closure
U-232 PWR, DSNF Inhalation 100 years
U-233 DSNF Inhalation, ingestion 100 — 10,000 years
U-234 ALL Inhalation, ingestion 100 — 10,000 years
U-236 PWR, BWR Inhalation, ingestion 100 — 10,000 years
Np-237 HLW, BWR, DSNF Inhalation, ingestion 100 — 10,000 years
U-238 BWR, PWR Inhalation, ingestion 100 — 10,000 years

@' Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sb, U, and Se are the moderately sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 9. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose
for Average Waste Forms When Only the Slightly to Non-sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis®™; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
C-14 DSNF, BWR Ingestion 100 — 5,000 years
Tc-99 ALL Inhalation, ingestion 100 — 10,000 years
1-129 ALL Inhalation, ingestion 100 — 10,000 years

¥'C, H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.

® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 10. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion

Dose for Bounding Waste Forms When Only the Slightly to Non-sorbing Trans
and Radionuclide Release is Mitigated by the Element Solubility Hypothesis'

E)ort Group® is Released

: 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
C-14 DSNF, BWR Inhalation, ingestion 100 — 10,000 years
Tc-99 ALL Inhalation, ingestion 100 — 10,000 years
1-129 PWR, BWR, DSNF Inhalation, ingestion 100 — 10,000 years

a'C H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.

®) The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 11. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Highly Sorbing Transport Group® is Transported and
Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®™; 100 to 10,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure | Following Time Periods
Forms Pathways After Repository Closure

Sr-90 BWR, HLW Ingestion 100 — 200 years
Cs-137 HLW Ingestion 100 years
Pu-238 ALL Inhalation, ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years
Am-241 ALL Inhalation, ingestion 100- 5,000 years

®a, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
®)The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 12. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Highly Sorbing Transport Group® is Transported and
Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®™; 100 to 10,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure

Sr-90 All Ingestion 100 — 200 years
Cs-137 HLW, DSNF, BWR Ingestion 100 years
Th-229 DSNF Inhalation, ingestion 1,000 — 10,000 years
Ac-227 DSNF Inhalation, ingestion 1,000 — 10,000 years
Pu-238 ALL Inhalation, ingestion 100 — 500 years
Pu-239 ALL Inhalation, ingestion 100 — 10,000 years
Pu-240 ALL Inhalation, ingestion 100 — 10,000 years
Am-241 ALL Inhalation, ingestion 100 — 5,000 years
Am-243 PWR, BWR Inhalation, ingestion 2,000 — 10,000 years

¥ Ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
®)The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 13. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Moderately Sorbing Transport Group® is Transported
and Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Np-237 ALL Inhalation, ingestion 100 — 10,000 years
U-232 DSNF, HLW Inhalation, ingestion 10,000 years
U-233 DSNF, HLW Inhalation, ingestion 100 -5,000 years
U-234 ALL Inhalation, ingestion 100 —-10,000 years
U-236 PWR,BWR, HLW Inhalation, ingestion 100 -10,000 years
U-238 ALL Inhalation, ingestion 100 -10,000 years

(b
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Table 14. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Moderately Sorbing Transport Group® is Transported
and Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Np-237 HLW, DSNF, BWR Inhalation, Ingestion 100 — 10,000 years
U-232 PWR, DSNF Ingestion 100 years
U-233 DSNF Inhalation, Ingestion 100 - 10,000 years
U-234 ALL Inhalation, ingestion 100 —10,000 years
U-236 PWR,BWR Inhalation, ingestion 100 —-10,000 years
U-238 BWR, PWR Inhalation, ingestion 100 10,000 years

a) Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sb, U, and Se are the moderately sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 15. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Slightly to Non-sorbing Transport Group® is Transported
and Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®; 100 to 10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the Following
Exposure Pathways

Applicable to the
Following Time Periods

Forms After Repository Closure
C-14 DSNF, BWR Ingestion 100 — 5,000 years
Tc-99 ALL Inhalation, ingestion 100 — 10,000 years
1-129 ALL Ingestion 100 -10,000 years

@ C H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 16. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Slightly to Non-sorbing Transport Group'® is
Transported and Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis™; 100 to
10,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
C-14 BWR, DSNF Ingestion 100 — 10,000 years
Tc-99 ALL Inhalation, ingestion 100 — 10,000 years
1-129 PWR,DSNF,BWR Inhalation, ingestion 100 —-10,000 years

@ C H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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4.1.2 Relative Contribution of Individual Radionuclides to Inhalation and Ingestion Dose
—One Million Years

Input Transmittal for Satus of the Radionuclide Screening for the Total Systems Performance
Assessment - Ste Recommendation (TSPA-SR), R& E-PA-99217.Td (CRWMS M&O 1999d), is
identical to Input Transmittal for Status of the Radionuclide Screening for the Total Systems
Performance Assessment - Ste Recommendation (TSPA-SR), R&E-PA-99217.Tb (CRWMS
M&O 1999c¢) in every respect except that the assumptions have been extended to include the
times that are required for the Total System Performance Assessment (TSPA) calculations in
support of the Fina Environmental Impact Statement (FEIS). The times considered are 20,000;
30,000; 100,000; 300,000; and 1,000,000 years after repository closure.

4.1.2.1 Results of Relative Inhalation and Ingestion Dose Calculations;, 100 — 1,000,000
Years

The results reported in CRWMS M&O (1999d), are shown in Tables 17 through 32 (DTN:
SN9912T0810599.003). This is the input for the radionuclide screening analysis for the TSPA
calculationsin support of the FEIS.

Table 17. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Radionuclides are Released in Proportion to Their Inventory
Abundance; 20,000 to 1,000,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure
Pb-210 ALL Ingestion 30,000 — 1,000,000 years
Ra-226 ALL Ingestion 100,000 — 1,000,000 years
Ac-227 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Th-229 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Th-230 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pa-231 ALL Inhalation, ingestion 300,000 — 1,000,000 years
U-233 ALL Inhalation, ingestion 100,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 100,000 — 1,000,000 years
U-236 BWR, DSNF, HLW Inhalation, ingestion 100,000 — 1,000,000 years
Pu-239 ALL Inhalation, ingestion 20,000 — 100,000 years
Pu-240 ALL Inhalation, ingestion 20,000 — 30,000 years
Pu-242 BWR, DSNF, PWR Inhalation, ingestion 30,000 — 1,000,000 years
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Table 18. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Radionuclides are Released in Proportion to Their Inventory
Abundance; 20,000 to 1,000,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the

Account for 95% of the Dose | Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure

Pb-210 ALL Ingestion 20,000 — 1,000,000 years
Ra-226 ALL Ingestion 100,000 — 1,000,000 years
Ac-227 BWR, DSNF, PWR Inhalation, ingestion 30,000 — 1,000,000 years
Th-229 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Th-230 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Th-232 DSNF Inhalation 1,000,000 years
Pa-231 DSNF Ingestion 1,000,000 years
U-233 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-234 BWR, HLW, PWR Inhalation, ingestion 30,000 — 1,000,000 years |
Np-237 BWR, DSNF, HLW Inhalation, ingestion 100,000 — 1,000,000 years |
Pu-239 ALL Inhalation, ingestion 20,000 — 100,000 years
Pu-240 BWR, HLW, PWR Inhalation, ingestion 20,000 — 1,000,000 years |
Pu-242 BWR, PWR Inhalation, ingestion 30,000 — 1,000,000 years
Am-243 BWR, PWR Inhalation, ingestion 20,000 — 30,000 years

Table 19. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Radionuclide Release is Mitigated by the Element Solubility
Hypothesis®; 20,000 to 1,000,000 Years

Radionuclides Required to| Applicable tothe | Applicable to the Following Applicable to the
Account for 95% of the Following Waste Exposure Pathways Following Time Periods
Dose Forms After Repository Closure
Pb-210 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Ra-226 ALL Inhalation, ingestion 100,000 — 1,000,000 years
U-233 ALL Inhalation, ingestion 100,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 100,000 — 1,000,000 years
U-235 DSNF Inhalation 20,000 — 1,000,000 years
U-236 ALL Inhalation 30,000 — 1,000,000 years
U-238 ALL Inhalation 100,000 — 1,000,000 years
Np-237 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pu-239 ALL Inhalation, ingestion 20,000 — 300,000 years
Pu-240 ALL Inhalation, ingestion 20,000 — 30,000 years
Pu-242 BWR, DSNF, PWR |Inhalation, ingestion 100,000 — 1,000,000 years

@ The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 20. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Radionuclide Release Mitigated by the Element Solubility
Hypothesis®; 20,000 to 1,000,000 Years

Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure
Pb-210 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Ra-226 ALL Ingestion 20,000 — 1,000,000 years
U-233 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-236 BWR, DSNF, PWR |Inhalation, ingestion 300,000 — 1,000,000 years
U-238 PWR, HLW Inhalation 300,000 — 1,000,000 years
Np-237 BWR, DSNF, HLW [Inhalation, ingestion 100,000 — 1,000,000 years
Pu-239 ALL Inhalation, ingestion 20,000 — 100,000 years
Pu-240 ALL Inhalation, ingestion 20,000 — 30,000 years
Pu-242 BWR, HLW, PWR Inhalation, ingestion 30,000 — 1,000,000 years

@ The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 21. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Highly Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis®™; 20,000 to 1,000,000 Years

Applicable to the
Following Time Periods

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Forms Pathways After Repository Closure
Ra-226 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pa-231 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pu-239 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pu-240 ALL Inhalation, ingestion 20,000 — 30,000 years
Pu-242 ALL Inhalation, ingestion 20,000 — 300,000 years

@ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Th, and Tm are the highly sorbing elements.
®)The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 22. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Highly Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis®™; 20,000 to 1,000,000 Years

Applicable to the
Following Time Periods

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Forms Pathways After Repository Closure
Pb-210 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Ra-226 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Pu-239 ALL Inhalation, ingestion 20,000 — 300,000 years
Pu-240 ALL Inhalation, ingestion 20,000 — 30,000 years
Pu-242 ALL Inhalation, ingestion 100,000 — 1,000,000 years

®Ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 23. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Moderately Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis™; 20,000 to 1,000,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the Following
Exposure Pathways

Applicable to the
Following Time Periods

Forms After Repository Closure
U-233 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-236 BWR, DSNF, PWR [Inhalation, ingestion 20,000 — 1,000,000 years
U-238 BWR, DSNF, HLW Inhalation, ingestion 20,000 — 1,000,000 years
Np-237 ALL Inhalation, ingestion 20,000 — 1,000,000 years

@) Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sb, U, and Se are the moderately sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 24. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Moderately Sorbing Transport Group® is Released and
Radionuclide Release is Mitigated by the Element Solubility Hypothesis™; 20,000 to 1,000,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the Following
Exposure Pathways

Applicable to the
Following Time Periods

Forms After Repository Closure
U-233 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-236 BWR, DSNF, PWR [Inhalation, ingestion 20,000 — 1,000,000 years
U-238 HLW, PWR Inhalation, ingestion 20,000 — 1,000,000 years
Np-237 BWR, DSNF, HLW Inhalation, ingestion 20,000 — 1,000,000 years

% 'Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sbh, U, and Se are the moderately sorbing elements.

® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 25. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Slightly to Non-Sorbing Transport Group® is Released
and Radionuclide Release is Mitigated by the Element Solubility Hypothesis®; 20,000 to 1,000,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Tc-99 ALL Inhalation, ingestion 20,000 — 1,000,000 years
1-129 ALL Inhalation, ingestion 20,000 — 1,000,000 years

a'C H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.
®) The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 26. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Slightly to Non-Sorbing Transport Group® is Released
and Radionuclide Release is Mitigated by the Element Solubility Hypothesis®; 20,000 to 1,000,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Tc-99 ALL Inhalation, ingestion 20,000 — 1,000,000 years
1-129 ALL Inhalation, ingestion 20,000 — 1,000,000 years

@ H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.
®) The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 27. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Highly Sorbing Transport Group® is Transported and
Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®™; 20,000 to 1,000,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Pb-210 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Ra-226 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Ac-227 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Th-229 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Th-230 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pa-231 DSNF, PWR Inhalation, ingestion 300,000 — 1,000,000 years
Pu-239 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Pu-240 ALL Inhalation, ingestion 20,000 — 30,000 years
Pu-242 BWR, PWR Inhalation, ingestion 100,000 — 1,000,000 years

@ Ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm, Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,
Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 28. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion Dose for

Bounding Waste Forms When Only the Highly Sorbing Transport Grou

(@)

is Transported and Radionuclide Release

is Not Mitigated by the Element Solubility Hypothesis(b; 20,000 to 1,000,000 Years

Radionuclides Required to
Account for 95% of the Dose

Applicable to the
Following Waste

Applicable to the
Following Exposure

Applicable to the
Following Time Periods

Forms Pathways After Repository Closure
Pb-210 ALL Ingestion 100,000 — 1,000,000 years
Ra-226 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Th-229 ALL Inhalation, ingestion 20,000 — 1,000,000 years
Th-230 ALL Inhalation, ingestion 100,000 — 1,000,000 years
Pa-231 DSNF Ingestion 1,000,000 years
Pu-239 ALL Inhalation, ingestion 20,000 — 100,000 years
Pu-240 BWR, HLW, PWR Inhalation, ingestion 20,000 — 30,000 years
Pu-242 BWR, PWR Inhalation, ingestion 10,000 — 1,000,000 years
Am-243 BWR, DSNF, PWR [Inhalation, ingestion 20,000 — 1,000,000 years

¥ Ca, Co, Sr, Ac, Am, Be, Bi, Ce, Cm,

Eu, Bk, Cf, Fr, La, Lu, Nd, Pm, Pr, Tb, and Tm are the highly sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

ANL-WIS-MD-000006 REV 00 ICN 01

26

Cs, Fe, Hf, Ho, Nb, Pa, Pb, Po, Pu, Ra, Sm, Sn, Ta, Te, Th, Y, Zn, Zr, Ba, Ni,

November 2000



Table 29. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Moderately Sorbing Transport Group® is Transported
And Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®; 20,000 to 1,000,000

Years
Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure
U-233 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-236 BWR, DSNF, PWR Inhalation, ingestion 20,000 — 1,000,000 years
U-238 BWR, DSNF, HLW Inhalation, ingestion 20,000 — 1,000,000 years |
Np-237 ALL Inhalation, ingestion 20,000 — 1,000,000 years

@ Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sb, U, and Se are the moderately sorbing elements. |
®) The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 30. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Moderately Sorbing Transport Group® is Transported
And Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®; 20,000 to 1,000,000

Years
Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure
U-233 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-234 ALL Inhalation, ingestion 20,000 — 1,000,000 years
U-236 BWR, DSNF, PWR Inhalation, ingestion 20,000 — 1,000,000 years
U-238 HLW, PWR Inhalation, ingestion 20,000 — 1,000,000 years |
Np-237 BWR, DSNF, HLW Inhalation, ingestion 20,000 — 1,000,000 years |

*Np, Ag, Cd, K, Mn, Pd, Rb, Ru, Sb, U, and Se are the moderately sorbing elements. |
®) The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

Table 31. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Average Waste Forms When Only the Slightly to Non-sorbing Transport Group® is Transported
And Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®™; 20,000 to 1,000,000

Years
Radionuclides Required to Applicable to the | Applicable to the Following Applicable to the
Account for 95% of the Dose Following Waste Exposure Pathways Following Time Periods
Forms After Repository Closure
Tc-99 ALL Inhalation, ingestion 20,000 — 1,000,000 years
1-129 ALL Inhalation, ingestion 20,000 — 1,000,000 years

@ C H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.
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Table 32. Radionuclides Required to Account for Ninety-five Percent of the Inhalation and Ingestion
Dose for Bounding Waste Forms When Only the Slightly to Non-sorbing Transport Grougj(a) is
Transported And Radionuclide Release is Not Mitigated by the Element Solubility Hypothesis®™; 20,000 to

1,000,000 Years
Radionuclides Required to Applicable to the Applicable to the Applicable to the
Account for 95% of the Dose Following Waste Following Exposure Following Time Periods
Forms Pathways After Repository Closure
Tc-99 ALL Inhalation, ingestion 20,000 — 1,000,000 years
1-129 BWR, DSNF, PWR Inhalation, ingestion 20,000 — 1,000,000 years

¥'C, H, I, Mo, P, Re, Tc, Br, Si, Cl, V, Ar, At, Kr, and S are the slightly to non-sorbing elements.
® The element solubility hypothesis is that Am, Cm, Zr, Th, Nb, Pa, and Sn are not soluble.

4.2 CRITERIA

There are no specific criteria identified in the project requirements documents (i.e., System
Description Documents). Programmatic requirements for this document are listed in the
development plan (CRWMS M&O 1999b) which specifies that al analyses described herein
must address applicable NRC issue resolution status report (IRSR) criteria (NRC 1999). The
NRC criteria are specified in the CLST IRSR Subissue 3: “The rate at which radionuclides in
SNF [Spent Nuclear Fuel] are released from the EBS [Engineered Barrier System] through the
oxidation and dissolution of spent fuel.” The following is a summary of the NRC review and
acceptance criteria outlined in the CLST IRSR that are relevant to analyses for Subissue 3 and
thisanalysisin particular (NRC 1999).

4.2.1 AcceptanceCriteria Applicableto All Six Subissuesfrom the CLST IRSR

The collection and documentation of data, as well as development and documentation of
analyses, methods, models, and codes, shall be accomplished under approved quality
assurance and control procedures and standards.

The structure and organization of process and abstracted models shall be found to
adequately incorporate either important design features, physical phenomena, and/or
coupled processes.

4.2.2 AcceptanceCriteriafor Subissue 3 from the CLST IRSR

All categories of SNF planned for disposal at the proposed YM repository shal be
considered.

The selection of radionuclides tracked in the release models from SNF and their related
rel ease parameters shall be adequately justified.

4.3 CODESAND STANDARDS

There are no codes and standards associated with this analysis. The output from this analysis
will be used in the TSPA-SR, which will be compared, according to the DOE interim guidance
(Dyer 1999), to specific Subparts/Sections of the proposed NRC high-level waste regulation,
10 CFR Part 63 (64 FR 8640). The DOE interim guidance directs the use of specific
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Subpartg/Sections of the proposed NRC high-level waste regulation, 10 CFR Part 63 (64 FR
8640). The subpart of the proposed regulation that is relevant to the TSPA-SR use of this
analysisis Subpart E, Section 114 (Requirements for Performance A ssessment).

5. ASSUMPTIONS

The following assumptions produce bounding results. Bounding in this context means that the
subset of radionuclides recommended for modeling in TSPA-SR is larger than it would be if
more limiting assumptions were made. The assumptions produce bounding results such that
further confirmation is not needed.

5.1 The time at which an exposure may occur is unknown. A direct release to the environment
due to volcanic or tectonic activity is equally likely at 100 years as it is at 10,000 years.
Work is ongoing to determine probable failure times for waste packages. However,
uncertainty about waste package failure time remains and is currently only bounded by the
time of repository closure and 10,000 years (the regulatory time period in the proposed
regulation 10 CFR Part 63 [64 FR 8640]). Consequently, a bounding analysis would address
the possibility that waste packages could fail as soon as the repository is closed. This
premise is used in Sections 6.3, 6.4, and 6.5 where the relative dose contribution from each
radionuclide is examined at early times and at later times up to 10,000 years.

5.2 All waste forms disposed in the repository could contribute to the dose. Current thinking in
performance assessment is that several modeling scenarios will lead to failure of only a few
(probably less than 10) waste packages prior to 10,000 years. This means that obscure waste
forms, even though they